INTRODUCTION
============

The conventional approach to resect pancreatic neoplasms has been to perform pancreaticoduodenenctomy (PD) for right-sided (head/uncinate) lesions and distal/subtotal pancreatectomy for left-sided (body/tail) lesions. These are radical procedures with high morbidity, and often result in exocrine and endocrine insufficiency due to the large amount of tissue resected.[@B1] In recent years, enucleation has become popular as an alternative strategy for low-grade pancreatic tumours such as pancreatic neuroendocrine tumors and cystic neoplasms.[@B2]

Advocates of this cite the preservation of pancreatic parenchyma as advantageous in reducing pancreatic insufficiency in the long term,[@B3] while opponents are concerned about a possible higher rate of post-operative pancreatic fistula (POPF) following enucleation.[@B4][@B5] As this procedure is selectively performed for tumours with low malignant potential, it is ideal for the minimally invasive approach, using either laparoscopy or robotic assistance via the Da Vinci® Surgical System.

However, the safety and efficiency of this technique remains uncertain as there are few studies comparing open, laparoscopic and robotic enucleations. In this study, we aimed to evaluate the role of minimally invasive enucleation (MIEn) by comparing perioperative outcomes with the conventional open approach. Propensity score adjustment was performed to mitigate selection bias.

MATERIALS AND METHODS
=====================

We performed a retrospective review of all patients who underwent enucleation of pancreatic neoplasms in Singapore General Hospital from 1998 to 2018. This study was approved by our institution review board. Patients were classified into two groups based on intended initial approach, open enucleation (OEn) or MIEn. Decision to perform MIEn or OEn was based on an individual surgeon\'s decision after discussion with and obtaining informed consent from the patient. This was not based on any formalized institution protocol.

Data collected for comparison were the patient baseline demographics, intra-operative variables, post-operative outcomes, pathologic findings and long-term follow-up. Surgical data were collected from a prospective computerized database (OTM 10, IBM, Armonk, New York), whereas clinical data were collected from another prospective computerized clinical database (Sunrise Clinical Manager version 5.8, Eclipsys Corporation, Atlanta, Georgia).

Definitions
-----------

Pancreatic fistula (PF) was defined and graded according to the latest 2016 update by the International Study Group on Pancreatic Fistula.[@B6] In this study, asymptomatic purely biochemical Grade A pancreatic fistulas were reported but were not considered a morbidity according to the latest definition. Postoperative morbidity was graded using the Clavien-Dindo classification[@B7] as minor (Grade I/II) or major (Grade III--V), and recorded for up to 30 days or during the same hospital stay of surgery. Mortality was recorded up to 90 days from surgery or during the same hospital stay. MIEn included all patients who underwent an attempted pure laparoscopic or pure robotic enucleation. An open conversion was defined as when a resection initially attempted laparoscopically or robotically but required an open incision to complete the surgery.

Operative technique
-------------------

The choice of operative technique, trocar placements and type of instruments used was based mainly on the surgeon\'s and patient\'s preference. For laparoscopic enucleation, patients were positioned supine with or without the legs apart. The operating table was placed in the reverse Trendelenburg position, with the left shoulder elevated if the lesion was left-sided. The surgeon and the camera holder stood on the patient\'s right side, while the first assistant stood on the left. An initial 10 mm camera port was placed in the supra-umbilical position, and diagnostic laparoscopy was performed to rule out metastatic disease. Subsequently, working ports were inserted in the right flank, right upper quadrant and left flank in a semi-circular manner.

The lesser sac was accessed by dividing the gastrocolic ligament using either a Harmonic scalpel (Harmonic Ace, Ethicon Endo-Surgery, Cincinnati, OH, USA), Ligasure (Covidien, Boulder, CO, USA) or Thunderbeat (Olympus, Tokyo, Japan). For tumors located in the head, the gastroepiploic vessels were frequently divided. The duodenum was kocherised and mobilized as needed. The neoplasm was identified visually or using intra-operative ultrasonography. Subsequently, the neoplasm was dissected off the pancreatic parenchyma, taking care not to injure the main pancreatic duct. Specimens were bagged and retrieved, and closed-suction drainage tubes were placed close to the resection site.

Robotic enucleation was performed using the Da Vinci® Si Surgical System (Intuitive Surgical, Sunnyvale, California, USA). The steps of the surgery were similar to those described above. Tumour enucleation and hemostasis was performed using a combination of monopolar hook, ultrasonic shears and bipolar forceps, with robotic hand-sewn stitches when necessary.

Patients were positioned supine for open enucleations. An upper midline or left subcostal incision was used for access. Otherwise, surgery was performed in the usual fashion.

Statistical analyses
--------------------

Mood\'s median test and the chi-square test were used to compare continuous and dichotomous variables respectively.

Propensity score-adjustment
---------------------------

Propensity scores were calculated through logistic regression modelling based on the following clinically-selected covariates: ASA status (1 vs \[2 or 3\]), tumor size, distal (body/tail) or proximal (head/uncinated) tumor location, and previous abdominal surgery. Missing baseline covariates were multiply-imputed (M=50) using multivariate chained equations with augmented logistic regression for dichotomous variables and predictive mean matching (3 nearest neighbors) for continuous variables, and imputed datasets were combined according to Rubin\'s rules. Calibration, goodness-of-fit and discrimination were assessed using the methods of Lemeshow and Hosmer and receiver operating curves. The final propensity-score model exhibited an area under the receiver operating curve of 0.7473 ([Supplementary Fig. S1](#S1){ref-type="supplementary-material"}) and good calibration ([Supplementary Fig. S2](#S2){ref-type="supplementary-material"}).

To minimize confounding, comparisons of perioperative outcomes between the MIEn and OEn groups were adjusted using the linear predictor (log odds) of the propensity-scores. Concomitant surgery was included as a covariate in multivariable regression if its inclusion did not result in significant variance inflation (uncentered variance inflation factor \>10) or significantly reduce the model likelihood. PS-adjusted quantile and logistic regression were used to compare conditional medians and proportions.

RESULTS
=======

[Table 1](#T1){ref-type="table"} summarizes the baseline demographic characteristics of patients in both groups. A total of 20 patients underwent pancreatic enucleation during the study period, of which 7 (35%) underwent MIEn (5 female, 2 male) while 13 (65%) underwent OEn (7 female, 6 male). Of the 7 MIEn patients, 4 were performed via the laparoscopic approach while 3 were via robotic assistance. There were no significant differences in baseline demographics between the 2 groups. The median age of patients was 43 years (range 28--64) in the MIEn group and 56 years (range 38--66) in the OEn group. Median BMI was 22.3 (range 17.2--33.1) in the MIEn group and 28.2 (range 23.9--30.1) in the OEn group. Patients in both groups had similar American Society of Anaesthesiologist (ASA) scores.

There were no significant differences between the two groups in terms of median tumour size or location (proximal versus distal pancreas). With regards to the tumour pathology, there were 2 cystic lesions (1 pancreatic cyst, 1 branch-duct intraductal papillary mucinous neoplasm (IPMN)) while the rest were solid lesions (11 insulinomas, 1 metastatic lesion to pancreas from renal cell carcinoma, 1 retroperitoneal schwannoma involving part of the pancreas and the rest were non-functioning pancreatic neuroendocrine tumours). 1 (14.3%) patient in the MIEn group and 5 (38.5%) patients in the OEn group had concomitant surgical procedures performed in addition to pancreatic enucleation. The patient in the MIEn group had a laparoscopic resection of a retroperitoneal tumour, while the additional procedures in the OEn group were spleen-preserving distal pancreatectomy, wedge resection of colorectal liver metastasis, radical nephrectomy, cholecystectomy and excision of a duodenal nodule. 6 (30%) patients had previous abdominal surgery, of which 3 (42.9%) were in the MIEn group and 3 (23.1%) were in the OEn group.

[Table 2](#T2){ref-type="table"} compares the perioperative outcomes between the MIEn and the OEn groups. On propensity-adjusted analysis, the only significant difference was a reduced rate of readmissions within 30 days in the MIEn group (0 readmissions, 0%) versus the OEn group (4 readmissions, 30.8%) (*p*=0.0464). There were no conversions to open in the MIEn group, and median operation time was similar in both groups. There was no difference in median estimated blood in both groups, and none of the patients in our series required blood transfusions. The overall morbidity rate was 45.0% and the major complication (Clavien-Dindo\>2) rate was 15%; this was similar across both groups. Seven (35%) of our patients had a Grade B/C POPF (6 grade B and 1 grade C), and there was no significant difference between the two groups. Of these, 1 patient underwent percutaneous drainage of intra-abdominal collection, 5 patients had their surgical drains left in-situ for 3--4 weeks, and 1 patient had persistent pancreatic duct leak which eventually required a subtotal pancreatectomy and splenectomy. The MIEn group had a shorter LOS of 5 days (range 3--24) as compared to 8.5 days (range 5--42) in the OEn group (*p*=0.027), but on propensity-matched analysis this was not significant (*p*=0.3195). There was no post-operative 90-day/in-hospital mortality in all 20 patients.

DISCUSSION
==========

Our study showed that MIEn was associated with similar rates of overall morbidity, major complication and clinically significant POPF compared to OEn, hence confirming the safety and feasibility of the minimally invasive approach for pancreatic enucleation. To the best of our knowledge, this is only the second study to date to attempt to mitigate selection bias by conducting a propensity score analysis. In our experience, MIEn was also associated with significantly reduced readmission rate compared to OEn after propensity-score adjustment. We had no readmissions in the MIEn group, and amongst the 4 readmissions in the OEn group, 2 were for pain related to the incision site. This reinforces the benefit of reduced surgical trauma from the minimally invasive approach.

Enucleation has been advocated as a method of limited pancreatic resection for a select group of patients with small, low-grade pancreatic neoplasms[@B8][@B9] which are situated away from the main pancreatic duct and on the anterior surface of the pancreas. In a meta-analysis of 22 retrospective studies comprising of 1148 patients, pancreatic enucleation was associated with reduced rates of post-operative exocrine and endocrine insufficiency, as well as shorter duration of surgery, lower blood loss and shorter LOS.[@B10] Furthermore, sensitivity analysis of high-volume studies (more than 20 enucleations and more than 4 per year) showed that in specialised centres, pancreatic enucleations can be performed with no increased risk of POPF. Enucleation has also been shown to have excellent short and long-term oncologic outcomes, with no increased risk of tumour recurrence.[@B11][@B12] This may be partly explained by the fact that most tumours resected by enucleation were benign or had low malignant potential to begin with.

The first report of MIEn was a case of laparoscopic enucleation by Gagner et al.[@B13] in 1996. Since then, there have been several comparative case series published in the literature comparing MIEn to OEn, as summarised in [Table 3](#T3){ref-type="table"}.[@B14][@B15][@B16][@B17][@B18][@B19] Our institution has been performing minimally invasive pancreatectomies (MIP) for more than a decade,[@B20] and our conversion rates following laparoscopic distal pancreatectomies are comparable to those of high-volume tertiary referral centres.[@B21] We have also successfully performed robotic pancreatectomies, including PD and spleen-saving vessel preserving distal pancreatectomy.[@B22][@B23] Owing to the rarity of cases that are suitable for enucleation, the number of MIEn we have performed to date is relatively small. However, our outcomes are comparable nonetheless. Our vast experience over the years with both open and minimally-invasive pancreatectomies meant that our surgeons had surpassed their learning curves for MIP and were hence very comfortable performing MIEn. There were no conversions in the MIEn group. Median EBL in our MIEn group was lower than in the OEn group, in keeping with findings from other studies,[@B24] although this was not statistically significant likely due to our small number of patients. The magnified view offered by the high-definition cameras in both laparoscopic and robotic surgery, the stable, tremor-free platform of the robot as well as the improved dexterity of the robotic Endowrist, allowed very precise dissection and meticulous hemostasis.

One key concern that surgeons have with performing enucleation is a potentially higher rate of POPF formation.[@B4] In our series, the overall rate of Grade B/C POPF was acceptably low, and was similar in the MIEn group as compared to the OEn group. These findings are concordant with several recent studies which have also reported no difference in the rates of clinically significant POPF between MIEn (both laparoscopic and robotic approach) and OEn.[@B14][@B15][@B16][@B17][@B18][@B19]

Although our operative time was slightly longer than that reported in most series, it is worthwhile to note that more than half of our enucleations were done for tumours in the proximal pancreas, as opposed to most studies where the majority of lesions were left-sided (body/tail). Right-sided dissection is known to be more challenging and therefore associated with longer operating times, as reported by Costi and Sahakyan.[@B25][@B26][@B27]

In the present study, the median LOS was significantly shorter for the MIEn group before propensity-score adjustment, concordant with the findings of previous studies.[@B14][@B15][@B17] Interestingly, there was no significant difference after propensity-score adjustment, similar to the only other propensity-score matched study[@B16] published to date comparing 60 robotic versus 60 open enucleations. This lack of difference in LOS between MIEn and OEn suggests that selection bias may have at least attribute to some of the differences observed in previous studies. The early recovery policy[@B28] adopted at our institution for all pancreatectomy patients and a Type 2 error due to our small sample size may have also contributed to this observation. These findings emphasize the importance of conducting a multi-institution prospective randomized control trial to determine the benefit of MIEn over OEn.

There are several limitations associated with this relatively small single center study. Firstly, due to its retrospective nature, it is subjected to selection bias. Secondly, the small sample size of the study renders it susceptible to both type 1 and type 2 errors. Finally, there was no long-term follow-up to determine functional outcomes, such as rates of endocrine and exocrine insufficiency following enucleation.

In conclusion, this study confirms that MIEn is feasible and safe, and is associated with similar perioperative outcomes and fewer readmissions compared to OEn.

SUPPLEMENTARY MATERIALS
=======================

###### Supplementary Fig. 1

Area under ROC curve=0.7692.

###### Supplementary Fig. 2

Hosmer-Lemeshow goodness-of-fit: *p*=0.5885.

###### Comparison between the baseline characteristics of MIEn vs OEn

![](ahbps-23-258-i001)

ASA, American Society of Anaesthesiology; IQR, interquartile range; MIEn, minimally-invasive enucleation; NET, neuroendocrine tumor; OEn, open enucleation

###### Comparison between the perioperative outcomes of MIEn versus OEn
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^†^Unadjusted *p*-values were obtained from Mood\'s median test and the chi-square test for medians and proportions respectively, ^‡^Adjusted *p*-values were obtained from quantile and logistic regression for conditional medians and proportions respectively, adjusted for propensity scores and concomitant surgery, ^\*^*p*-value for likelihood ratio test for adjusted difference between proportions, because *p*-value from logistic regression was not estimable

D, day; MIEn, minimally-invasive enucleation; OEn, open enucleation

###### Selected studies comparing the outcomes of MIEn versus OEn
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EBL, estimated blood loss; lap, laparoscopic; LOS, length of stay; MIEn, minimally-invasive enucleation; NA, not applicable; OEn, open enucleationl; POPF, postoperative pancreatic fistula
